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Histomorphometric studies of the age-related changes in bone remodelling and structure in men are relatively sparse and mainly
limited to the iliac crest. The available data indicate that loss of trabecular bone is predominantly due to decreased formation at the
level of individual bone remodelling units and that an increase in remodelling rate does not play a major role. The main structural
consequence of the changes in bone remodelling is trabecular thinning. In cortical bone, an age-related reduction in cortical width
and increase in porosity have been demonstrated at several skeletal sites. However, the alterations in bone remodelling responsible
for these changes remain to be established.
1.Introduction
Lossofbonewithageingisauniversalphenomenonaﬀecting
both men and women and is associated with reduced bone
strength and increased fracture risk. Whereas the changes in
bone remodelling and structure underlying bone loss have
been relatively well studied in women, there have been few
studies in men. This paper reviews the bone histomorpho-
metric data available in men and discusses the similarities
and diﬀerences in cellular and structural mechanisms of
bone loss in men and women.
2.CellularandStructuralMechanismsof
Bone Loss
In trabecular bone, bone loss may occur as a result of
increased remodelling rate and/or a negative remodelling
balance at the level of individual bone remodelling unit of
basic multicellular unit (BMU) (Figure 1). The remodelling
balance is determined by the amount of bone resorbed and
that subsequently formed; hence a negative balance may be
the result of increased resorption, reduced bone formation,
or a combination of the two. The structural changes oc-
curring during bone loss are determined by the underlying
alterations in bone remodelling. An increase in remodelling
rate, particularly if resorption within individual BMUs
is also increased, will favour trabecular penetration and
loss of connectivity whereas remodelling imbalance due to
decreased formation in the BMU will predominantly be
associated with trabecular thinning and preservation of tra-
becular microarchitecture. However, as trabecular thinning
progresses a point will be reached when a resorption cavity
of normal depth can result in trabecular penetration.
Cortical bone loss results from changes in both endo-
cortical and intracortical remodelling. In addition, cortical
thickness is inﬂuenced by the rate of periosteal apposition.
As in cancellous bone, these structural alterations are deter-
mined by changes in remodelling rate and balance.
3. Strengths and Limitationsof
Bone Histomorphometry
In humans, histomorphometric studies of age-related chan-
ges in bone are mostly restricted to iliac crest bone. Bone loss
during ageing varies according to skeletal site, and thus the
iliac crest may not always be representative of the rest of the
skeleton.Furthermore,thereisalargemeasurementvariance
associated with bone histomorphometry. However, bone









Figure 1: Mechanisms of trabecular bone loss. (a) Increased remodelling rate, (b) negative remodelling imbalance.
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Figure 2: Age-related changes in mean wall width in healthy men and women (see [1]).
available that enables detailed assessment of remodelling
rate, remodelling balance, and cellular activity.
4.Age-Related Changes inTrabecularBone
Remodelling and StructureinMen
Histomorphometric studies of age-related changes in men
have all been cross-sectional and have contained relatively
smallnumbersofindividuals.Iniliaccrestboneadecreasein
trabecular bone volume with age in men has been reported,
generally becoming detectable around the ﬁfth to sixth
decadeoflife[2–5].Insomestudies,therateofbonelosswas
similar to that observed in women, but in two larger studies
trabecular bone loss was signiﬁcantly greater in women than
in men [2, 3].
In the vast majority of studies in men tetracycline
labelling was not given, and hence changes in remodelling
rate could not be directly assessed. However, in one study
of 24 men across a wide age range in which tetracycline
was given prior to biopsy, no clear age-related increase in
remodelling rate was seen, in contrast to that observed in
women [1]. Consistent with this observation osteoid surface,
which reﬂects tissue level bone formation, does not show
the same age-related increase in men as seen in women
[4]. In contrast, there is consistent evidence that mean wall
width, which reﬂects the amount of bone formed within
individual BMUs, decreases with age both in men and
women (Figure 2)[ 1, 6]. Changes with ageing in the depth
of resorption cavities are more diﬃcult accurately to assess,
and in men, no change was reported in one study whilst in
another, a decrease in men, but not in women was reported
although in women, a transient increase was noted around
the time of the menopause [7, 8].
The available evidence thus indicates that, at least in iliac
crest bone, trabecular bone loss in men is predominantly
due to a negative balance within BMUs, which results mainly
from a decrease in the amount of bone formed and that
increased remodelling rate does not make a substantialJournal of Osteoporosis 3
contribution to bone loss. These conclusions are supported
by the demonstration that trabecular thinning is greater and
loss of trabeculae less prominent with ageing in men than in
women [5, 9]. Thus in a study of 49 men, a signiﬁcant age-
related decrease in mean trabecular width was demonstrated
with nonsigniﬁcant trends towards decreased trabecular
number and increased trabecular separation. In women,
however, there was a nonsigniﬁcant decrease in trabecular
width and a signiﬁcant decrease in trabecular number and
increase in trabecular separation [9]. The results of more
recent studies using high-resolution peripheral quantitative
computed tomography (HRpQCT) suggest that these sex-
speciﬁc patterns of bone loss are also seen in other parts of
the skeleton [10].
5. Changes in Cortical Bone Remodelling and
Structure in Men
Histomorphometric data on age-related changes in cortical
bone in men are sparse. In addition, skeletal heterogeneity
of changes is likely to be particularly evident as a result of
diﬀerences in the weight-bearing properties at diﬀerent sites,
resulting in site-speciﬁc diﬀerences in the onset and rate of
age-related bone loss [11]. Even within a single site, signiﬁ-
cantvariationsincorticalbonestructuremaybeobserved,as
recently reported in the femoral neck [12].
Notwithstanding this variability, a decrease in cortical
widthduringageinginmenhasbeenreportedatanumberof
skeletal sites [13–15]. Whether there are diﬀerences between
men and women in the magnitude of age-related cortical
thinning is uncertain; however, greater periosteal apposition
and less endocortical resorption in men may result in lower
rates of thinning. Most studies have shown an age-related
increase in cortical porosity in both men and women in the
iliac crest and other skeletal sites including the vertebrae,
metacarpal, rib, and femur [3, 14, 16]. This is due at least in
part to an increase in the size of individual pores, as assessed
by Haversian canal diameter, although an increase in the
number of pores may also contribute.
Age-related changes in cortical bone remodelling have
not been well documented. In a cross-sectional study of 41
women and 23 men Brockstedt et al. [14]r e po rt e dad e c r e a s e
in mean wall width in iliac crest bone in women, but not in
men. Since osteonal diameter and Haversian canal diameter
increased with age in both sexes, the authors concluded
that in men, an increase in resorption depth accounted for
the negative remodelling imbalance. Similar ﬁndings were
reported by Broulik et al. [17], but as direct measurements
of resorption depth were not made in either study, this
conclusion remains speculative. In the rib, mean wall width
does not change with age in either sex [18]. Age-related
changes in remodelling rate in cortical bone in men have
not been reported; however, Brockstedt et al. [14]r e p o r t e da
signiﬁcantly higher activation frequency in postmenopausal
than premenopausal women, supporting an increase in
remodelling rate during and after the menopause.
Overall, the available data support qualitatively similar
age-relatedchangesincorticalboneinmenandwomen,with
a decrease in cortical width and increase in cortical porosity.
However, there may be diﬀerences between the sexes in the
magnitude of these changes; furthermore, the underlying
alterations in bone remodelling remain to be clearly deﬁned.
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